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1-slide guide to the FCIC

The Feedstock-Conversion Interface Consortium is led by DOE as a
collaborative effort among researchers from 9 National Labs

Key Ideas

* Biomass feedstock properties are variable and different from other
commodities

- Empirical approaches to address these issues have been
unsuccessful

Argonne &

ATIONAL LABORATORY

We are developing first- )
principles based knowledge A
and tools to understand and e [
mitigate the effects of biomass '
feedstock and process Baca

variability on biorefineries TLEesss
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2016 Biorefinery Optimization Workshop
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Cfcic

« Challenges, recommendations, and lessons learned ENERGY |yt
from over 100 participants (industry, NL, academic)
Biorefinery
o [i Optimization Workshop
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Quality by Design (QbD)

: Critical Process
Key operating concept and Parameter
organizing principle

EPARTMENT OF ENERGY

Process parameter
- Widely used in pharmaceutical LERHIEER O
manufacturing — FDA-endorsed CPP
. Ch”eml_cal prclzcesse_fg are Input l Output
collections of specific unit material = material
operations }I;' CMA > x ~ CQA
I I
 Unit operations are discrete but ! !
connected Critical Material Attribute . Critical Quality
Property of input material that Umt_ Attribute
is necessary to obtain Operation Property that must be
desired quality of product achieved to obtain
desired quality of
product

Moving from feedstock NAMES to feedstock ATTRIBUTES
<
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QbD for the Biomass Value Chain

CPPs CPPs

CaAs Milling/Size Materials

Reduction Handli_ng e
Feeding

Biomass CQAs
Harvesting

Storage

Enzymatic
Hydrolysis

Product

Pretreatment

Fermentation

Separations

CMAs: CPPs: CQAs:
Monomeric sugar content Temperature Product TRY
Pretreatment byproducts Feeding strategy * Rate, titer, yield
Inorganics (e.g. Na, K) Media composition Residual substrate

C Byproducts




FCIC Task Organization

Feedstock ~-Preprocessing - Conversion

Cfcic
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Task X: Project Management: Provide scientific
leadership and organizational project management

Task 1: Materials of Construction: Specify materials that
do not wear, or break at unacceptable rates

Task 5: Task 6: High-Temperature
Preprocessing Conversion

Task 7: Low-Temperature
Conversion

Task 1: Materials of Construction

Task 3: Materials Handling: Develop tools that enable
continuous, steady, trouble free feed into reactors

Task 3: Materials Handling

/ Enabling Tasks

Task X: Project Management

Task 4: Data Integration

Task 4: Data Integration: Ensure the data generated in
the FCIC are curated and stored — FAIR guidelines

Task 5: Preprocessing: Enable well-defined and
homogeneous feedstock from variable biomass resources

Task 6 & 7: Conversion (High- & Low-Temp Pathways):
Produce intermediates for further processing




FCIC Works in Preprocessing & 1s-stage Conversion @fl:ll:

Feedstock
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~Preprocessing - Conversion
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.{ CCPC

Consortium for Computational
Physics and Chemistry
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ChemCatBlo

BIOPROCESSING
S EPARATIONS

CONSORTIUM

3% Agile BioFoundry




Individual Task Overviews
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Task 2. Feedstock Variability < feic

ERFACE CONSORTIUM
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Objective I
- Identify & quantify the initial distribution of feedstock CMAs and feedstock variability
inform strategies to manage this variability

Impact
- Characterization tools and CMA variability data that inform 1) E’{’({‘&“@‘;\rﬁw,m ~

harvest and storage best practices, 2) feedstock quality, and 3)

selection of processes that manage variability from the field
through conversion

« Knowledge of the sources of intrinsic vs. process-derived variability

» Feedstock suppliers, process designers, and equipment
manufacturers can benefit from this fundamental knowledge of
drivers that are critical to de-risking the industry

L ml gl e

Outcome

« Understanding key sources of biomass variability (e.g., growth
conditions, harvest conditions, storage degradation) to identify and RE WY LA
quantify CMA distributions that propagate across unit operations to 2 fpreprocessmg
inform cost-effective management of variability

ML e ZINREL ()R, <
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Task 3. Material Handling Cfﬁlﬂ
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Objective

- Develop first principles-based design tools that enable continuous,
steady, trouble-free bulk flow transport through processing train to reactor
throat and enable applications of the developed tools to industry
stakeholders.

Chipped loblolly pine Polyhedral particles A v-shape hopper
particles of arbitrary shapes discharge simulation

Impact

 Reliable working envelopes of CMAs and CPPs for CQAs of operation
units, e.g., design charts for consistent flow. Validated design tools
(design charts, open-source flow simulation codes) for equipment
designers.

+ QbD-based predictive design paradigms & tools for industry to effectively
assist their design of feedstock processing & handling equipment.

Outcomes
- Open-source feedstock flow simulation tools for multiple scales.

- Reliable feeding and handling solutions achieved through physics-based,
experiment-informed & validated modeling tools and measurement.

<
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Task 5. Preprocessing CfCIE

U.S DEPARTMENT OF ENERGY

Objective

- Develop science-based design and operation principles informed by
TEA/LCA that result in predictable, reliable and scalable
performance of preprocessing unit operations.

Impact

 This task provides knowledge and tools to industry stakeholders
through fundamental studies of comminution, fractionation, and
deacetylation that produce validated mechanistic models.

Outcomes

- Afirst-principles-based set of modeling tools that predict how
material attributes of corn stover and pine residues and process
parameters of milling, size classification and deacetylation unit
operations interact to produce feedstocks with quality attributes
required by downstream conversion.

- Open-source strategy for all model codes.

GNL  ZINREL <

loboratory

Task 5 — Preprocessing 12
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Task 6. High-Temperature Conversion

Objective
» Develop the science-based understanding required to
accurately predict the effects of variable feedstock

attributes (CMAs) and process parameters (CPPs) on Cfcic  Separation

pyrolysis & gasification product quality attributes TASK6 [~ s
o) G T T W i e
- The work from this task will allow biorefinery designers Feree T /B, uparading |

and operators will be able to design high-temperature e eaperimentsandmodelng - S

unit operations/processes that are flexible and
responsive to natural and market feedstock variability,

CMAs Fuel Product
while maximizing productivity. “Hydrotreating [ Distillation [ Specications
Outcome

[ Downstream operations that FCIC outputs affect I

- Avalidated, multiscale experimental and
computational framework allowing biorefinery
designers/operators to maximize productivity and quality
with variable incoming feedstock.

—e
2 NATIONA OAK C
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----------------------- Pacific Northwest Task 6 — High-Temperature Conversion
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Task 7. Low-Temperature Conversion
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Objective: Manage the risks posed by biomass
feedstock variability on low-temperature conversion
processes (both sugar and lignin pathways) by
evaluation of the impacts to train mitigation strategies.

Rhodosporidium M
toruloides Z

. /5 3 /\/ O

Impact o B oot N o

- Knowledge and tools that sustain high-levels of sty —\ -\ ::>° oH
production through first-principles understanding of RS Zymomonas 0
materials attributes that negatively influence I ovils /\)Ol:on
predictable performance (e.g., inhibitory effects) can pestomanss "0~ omy
be used to guide process changes to minimize putids OH
impacts.

Outcome

- Avalidated AI/ML framework allowing stakeholders
to minimize the impacts of feedstock and process
variability on biological upgrading performance.

- <

LiNREL Notred Task 7 — Low-Temperature Conversion 14
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Task 1. Materials of Construction

U.S DEPARTMENT OF ENERGY

Objectives

Use a systematic quality-by-design approach with integrated efforts of characterization, modeling,
and testing to gain fundamental understanding of the failure modes and wear mechanisms of biomass
preprocessing equipment, develop analytical tools/models to predict wear and establish material
property specifications.

Select and evaluate candidate mitigations based on modeling and lab-scale testing

Share the fundamentals and mitigations with the biomass industry.

Impact
The knowledge and tools developed here will enable -
rapid design and selection of materials that resist wear M't'gafegwiar Wear-

................

and maintain structural integrity, resulting in sustainable WA LT TN resistant
performance and improved product quality. , | ; e

The science-based approach avoids the time and
expense associated with trial-and-error methods.

Biomass

Outcome M= j  cleaning
Develop knowledge and tools to understand how to
measure, predict, and mitigate wear.

QL"J_ QAK C

XRIDGE Task 1 — Materials of Construction 15




Task 4. Data Integration and Web Portal Cf[:lﬂ

DEPARTMENT OF ENERGY

Objective

Build database tools for integrating CMAs, CPPs, CQAs and experimental data from
across FCIC the within the LabKey Data Hub hosted on the AWS cloud. We are
providing a collaborative computational environment for hypothesis development,
experimental and modeling workflow management, integration of datasets and
metadata, and deliverables sharing between FCIC subtasks and a portal for public
access to FCIC results, data, and software.

Impact

This task provides the necessary infrastructure for FCIC researchers to store and it ouame

integrate their experimental results according to FAIR guidelines and is enabling T
eaS|er CO”aboratlonS among taSkS T.07.01 Deacetylation Reaction Monitoring & Control
Outcomes

- A web-based platform accessible to all FCIC researchers and stakeholders to
provide data and knowledge on the effects of feedstock variability.

* A means to harmonize data across the FCIC; and tools to facilitate sharing of
Case Study results, including Case Study experimental datasets and cost analysis
results.

3 g OAK C
JNL DINREL  ¥%R5, : "

Pacific Northwest Task 4 — Data Integration...
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Task 8. Crosscutting Analyses

EEEEEEEEEEEEEEEEE

Objective : ,

- Quantify and communicate industrially relevant, system- RICREFELE WallUe = ain
level costs and environmental impacts for the discoveries and
innovations of the FCIC.

@...@..,

B} . s . . Feedstock Preprocessing Conversion
impacts of feedstock variability on yields, economics, and _
environmental sustainability to aid biorefinery engineers and G cusingicadt
equipment manufacturers conducting feasibility studies of R&D prioritization
proposed equipment and process design modifications. Communicating impact
Outcomes A
« The importance of systems-level analyses for biorefinery and

Impact
 This project provides cost-benefit TEA and LCA focused on

feedstock supply chain design will be demonstrated.
- Case study results demonstrating the economic and

environmental benefits of convergent feedstock-preprocessing- -
conversion design will be disseminated through publications
and presentations targeting industrial stakeholders. _

— ~
A g OAK , C
ATBNES FH.L +:NREL ‘RIDGE i 77

Ideho National Loboratory .

,,,,,,,,,,,,,,,,,, Pacific Northwest Task 8 — Cross-Cutting Analyses 17




Task 9. FMEA Criticality Assessment Tools

Objective:

+ Implement Quality-by-Design (QbD) by applying a systematic criticality
assessment methodology to evaluate unit operations and systems.

- Develop framework to track and quantify the criticality of critical material
attributes (CMAs), critical process parameters (CPPs), and critical quality
attributes (CQAs).

Impact:
- Development of a systematic methodology for biorefinery risk
assessment using a QbD approach.

« Generation of FMEA database for risk assessment of future simulated
system configurations.

Outcome:
* Provides semi-quantitative criticality estimation for quality attributes
(CMAs, CPPs, CQAs) for a given unit operation or system.

|dentify

Failures

I -

C FEEDSTOCK- CONVERSION
INTERFACE CONSORTIUM
U.S DEPARTMENT OF ENERGY

~

 Deviations
from CQAs

J

« CMA and
CPP

e Calculate
risk priority
number

Task 9— FMEA 18
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FCIC Industry Advisory Board (IAB) Members

Prof. Foster Agblevor (Utah State)
https://engineering.usu.edu/be/people/faculty/agblevor-foster

Mr. Brandon Emme (ICM) (|8
https://www.linkedin.com/in/brandon-emme-6104ab67 oster Agblevor Brandon Emme

S:Tgﬂ:E UtahStateUniversity Ia‘l‘

Mr. Glenn Farris (Lee Enterprises)
https://www.linkedin.com/in/sqgfarris/

Prof. Emily Heaton (U. lllinois)
https://cropsciences.illinois.edu/people/profile/heaton6

Mr. Brad Kelley (Gershman, Brickner & Bratton, GBB)

Glenn Farris

https://gbbinc.com/about/our-experts/bradley-kelley-bsme gty Heaton @ J_&fwf‘-rrwv

I
ILLINOIS

<
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Some representative examples of FCIC Task-level industry outreach & interactions

Task Industry Outreach & Interactions

X | Coordinating conference sessions (AIChE, International Biomass Conference)

1 Regularly engaging Comminution Equipment suppliers (e.g., Forest Concepts, Rawlings)

2 Publication series in Biomass Magazine

3 Publishing open-source modeling codes and design charts

4 Formation and Interaction with Data Stakeholder Advisory Team

6 Industry survey to ensure relevance; publishing open-source modeling codes
8 Publishing FCIC Case Studies

21


https://biomassmagazine.com/articles/19639/feedstock-variability-causes-consequences-and-mitigation-of-biological-degradationBiomass
https://biomassmagazine.com/articles/19639/feedstock-variability-causes-consequences-and-mitigation-of-biological-degradationBiomass
https://github.com/idaholab/LIGGGHTS-INL

2023 FCIC CRADA Call
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2023 FCIC CRADA Call @ﬂ:lc

« The full CRADA Call is available at
https://www.energy.gov/eere/bioenergy/fcic-
cooperative-research-and-development-
agreement-call

- The intent of this CRADA call is to apply FCIC oo rsion IntegEes
capabilities to real world problems that the
bioenergy and bioproduct industries are facing.

* To maximize the likelihood of near-term impact _
for industrial partners, the FCIC wants to e sl
leverage existing capabilities within the .
consortium as opposed to projects that require T e
novel model or tool development.

* A full list of capabilities and tools can be found at:
https.//www.energy.gov/fcic

<
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https://www.energy.gov/eere/bioenergy/fcic-cooperative-research-and-development-agreement-call
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CRADA Call Timeline

Date _Event

Mar 14th Informational Webinar

April 14th Notice of Intent Deadline

April 21st  Applicant Presentation Deadline
May 5th Proposal Submission Deadline
May/June  Project Proposal Review

June 30th  Announcement of Selections
October Anticipated project kickoffs

<

24



Send a Notice of Intent

* A notice of intent is required by April 14th

— Email FCIC@nrel.gov with the following information: Name, Organization,
Email, and proposed National Lab Partner (if appliable).

—You will receive a confirmation of receipt email within 1 working day.

Prior to submitting a notice to propose a project, please read the terms of the
Cooperative Research and Development Agreements (CRADA) at
https://www.energy.gov/sites/default/files/2023-03/FCIC%20FY23%20CRADA-
call-%20CRADA%20template.docx. This has been reviewed and approved by

most participating DOE labs. This template will be used for all FCIC projects and
IS non-negotiable.

25
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Previous CRADA Projects (2017 call) < feic

MMMMMMMMMMMMMMMM

The Wonderful Company/Jenike/V-Grid/NREL/INL - Rational design
of robust reactor feeding systems for heterogeneous cellulosic and the Wonderful company..
agricultural wastes based on biomass quality characteristics

Fulcrum Bioenergy/INL - Moisture Management and Optimization in
Municipal Solid Waste Feedstock through Mechanical Processing

Fulcrum

BIOENERGY

Jenike & Johanson/LANL - “Smart” Transfer Chutes with In-line
Acoustic Sensors for Bulk-Solids Handling Solutions

& JOHANS O N

Forest Concepts/ORNL/INL - Investigating and addressing the wear
issue of the rotary shear biomass comminution system
forestconcepts
Idaho Forest Group/INL - Real time, Integrated Dynamic Control
Optimization to Improve the Operational Reliability of a Biomass Dryer

IDAI-gO ‘) F OREST

R O U

<
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Key FCIC Concepts
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FCIC Key Concepts
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&ms Gas Cleanup
Solids Removal

Reforming

Gas Scrubbing

Conversion Pathways
« High-Temperature Pathway

— Pine residue & MSW feedstocks

— Pyrolysis and Gasification
Low-Temperature Pathway

— Corn Stover & MSW feedstocks

— Deacetylation & Mechanical Refining and Enzymatic
Hydrolysis (DMR/EH)

Sample Tracking
Using INL’s Bioenergy Feedstock Library (BFL) to track samples

Upgrading
Hot Gas Filtering
Vapor Phase Upgrading
Hydrotreating
Distillation

rolysis

— All samples get a unique ID % Corn Stover %
— Parent/child relationships track samples across value chain w“:"“‘“"“"'”F““:s:
Feedstock Campaigns f’;'i..f".’??f’a.ws.,m B i (0

PfOJect "Feic* NREL - 20g

* 13- vs. 23-year study (Pine)

* Anatomical fraction series (Pine & CS)
« Degradation series (CS)

* Drought series (CS)

Biomass Feedstock National User FaC|I|ty

28



Current FCIC Feedstock Portfolio @ fCIC

U.S DEPARTMENT OF ENERGY

Corn Stover

« Low-T conversion focus

- Chemical, Physical, and Mechanical Differences among anatomical
fractions substantial

- Degradation during storage showed big influence on conversion

Pine Residues

* High-T conversion focus (pyrolysis & now gasification)

- Anatomical fractions are different

« Logging residues and tree thinnings differ in anatomical fraction
distribution

« Changes/degradation during storage may be important (anecdotal)

Landfill-bound MSW

« Currently looking at post-MRF streams

« Paper-rich & plastic-rich streams

« Some Low-T & High-T conversion data later this year

<
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Summary @fcu:

EEEEEEEEEEEEEEEEE

- Feedstock Variability across the
Bioenergy Value Chain is a Risk to
Biorefineries.

t=11s

t=12.5s

« FCIC Researchers are using
elements of the Quality-by-Design
approach to understand and |
mitigate the impacts of feedstock o] 2o 37m semn samm

variability on bioenergy conversion 3 2
processes.

« Deep subject matter expertise,
detailed chemical, physical, and
mechanical characterization, and
robust and validated modeling is
providing knowledge and tools to
bioenergy stakeholders.

Argonne &

f il Idaho National Laboratory

A N— MTIONAL -
- Los Alamos wamooer LeNREL
NATIONAL LABORATORY TL u%oagrggr D s oS

IIIIIII

%0AK RIDGE 4 fh et
~National Laboratory 52 e Northwest Laboratories

NATIONAL LABORATORY
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FCIC Project Management < f[:ll:

Objective
* Provide scientific direction and leadership to the nine
participating labs.

* Provide project management to ensure robust operational

planning and execution. 0

Argonne & cecee|

Impact BERKELEY LAB
« The FCIC supports the BETO portfolio by focusing on

feedstock variability across the bioenergy value chain. /j7 N =|ATONAL o=

- Effective project management is essential for the success  ° NLO§AIaagngs TL[ECHNoOLOGY e NREL

of the consortum e

' Sandia
Outcomes : : . : %9"\'}’\'11'{‘”')'("']‘ Pacific Northwest m labont
- Successful Tasks, each with different objectives but a
common theme — feedstock variability.

« FCIC research successfully complementing existing BETO-
funded projects

FINREL <

Task X — Project Management 32



FCIC Project Management Team @fmc

Edward J. Wolfrum, Ph.D.

Principal Investigator

ed.wolfrum@nrel.gov
https://www.nrel.gov/research/staff/ed-wolfrum.html

Darren Peterson

Project Manager (2022-present) Amie Sluiter
darren.peterson@nrel.gov Project Manager (2019-2022)
https://www.nrel.gov/research/staff/darren- amie.sluiter@nrel.gov

peterson.html

<
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1 - Approach

< feic
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Technical Approach
. . . . . . o ~9

- Emphasizing collaboration and ongoing communication Argonne & ﬂ \."l

among Consortium Stakeholders e BERKELEY LAB ho oo koo
* Implementing time-proven Project Management approaches

—|NATIONAL -
Lofmamos [Ty iouney  FINREL
Cha"enges NATIONA‘L“I.‘A:?RATORV SUNE VE W\ - S
« Coordination and communication among researchers across ~ S
: - OAK RIDGE 74 onal

9 Tasks and 9 National Laboratories o Yo Pacific Northwest i ) Netonal

* Ensuring industrially relevant outcomes
BETO National Labs
: FCIC Management Board FCIC Leadership Team FCIC Execution Team
M etrl CS BETO Tech Ecic P FCIC Project || FCIC Prjncipal
« Successful & timely completion of all FCIC milestones ero [, 510 — —
o Director Managers BETO FCIC FCIC Project AOP Pls
 Positive feedback from BETO & Industry stakeholders Yoroger
o Wembars
|

External Industry/Science Advisory Board

<

Task X — Project Management 35




1 - Approach (2)

Risks/Mitigation
« Miscommunication among stakeholders (BETO, FCIC Task Leads, Lab
LPMs, Industry)

— Minimized by regular meetings among all stakeholders and frequent
email exchanges

— Material & data needs, sample tracking tools
« Research not industrially relevant

— Regular communication with IAB members

— Close collaboration with Stakeholders during Annual planning
Communication/Collaboration
- Biweekly meetings with BETO TMs and Task Leads
*  Monthly meetings with FCIC Leadership Team
* Quarterly meetings with FCIC IAB
+ Substantial Informal communication (calls & emails)
Diversity, Equity, Inclusion
+  Multiple task- and lab-specific initiatives

<

ctgwu;

Adam Grant &
@AdamMGrant

Repeat after me: good
communication requires repetition.

Data: leaders are 9x more likely to
be criticized for
undercommunicating than
overcommunicating. Those who say
too little come across as unclear
and uncaring.

When you're tired of your message,
it's just starting to land.

Task X — Project Management 36
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X |+ Website- student and teacher resources link
* INL rural school outreach program in Idaho
« Establishing a long-term collaboration with a local MSI - Denver

1 Hands-on lesson plan to teach students about the strengthening of materials by
addition of coatings or treatments

2 | Outreach to small businesses and producers in underserved and rural
communities

3 | Production of a video highlighting women minority student-of-color interns

4 | 3-week lesson plan on waste-to-energy for Bioethics class at WA high school
(serves a 60% Hispanic student population)

5 | Webinar series to discuss roles/experiences through STEM education and
accessibility, aimed at local INL underserved schools

7 | Presentations focusing on MSI and farming communities

Task X — Project Management 37



2 — Progress and Outcomes
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Overall Consortium Management

U.S DEPARTMENT OF ENERGY

A b & D
] n Lead .
M T mil N
Effective Project Management d VE L@ gt -
Determine c
. H Task 2 FY23 Q1 (INL): Drought-stressed corn stover .
¢ TaS k COO rd I n atl O n b INL 2 anatomical fractions. ?:::st::::tllve
o M I I eStO n e TraCkI n g ML ) Task 3 FY23 Q1 (INL): Measure flowability of pine residue N.Ieasur?dflo
. X mixtures (up to 25-30% M.C). relzz;e;r:f
 Quarterly Reporting oy
uarie €po ! PNNL 4 |Task4 FY23 Q1 (PNNL): Data Stakeholder Workshop :::i‘:l‘:' 2;‘
C o m m u n I cat I o n S INL 5 Task 5 FY23 Q1 (INL): Calibrate and validate DEM knife mill S;Zp(lfztep::l)
* Regular Meetings (Task-level, Task 1-on-1's : model ot plorseale (basedoneff
! ! Task 6 FY23 Q1 (ORNL): Compare chemical characterization |Validate proi :::;:f_p"lzzfr:i:i::
Lead e rS h i p Tea m ) i n d ivi d u a I L P M S) ORNL 6 of p\{ro!ysis oils from pine anatomical fractions with model pyr.olysis oil | contribute]
6 predictions variances bej Data Stakeholder
: Task 7 FY23 Q1 (NREL): Compare MSW fudy reviews, platf
B u S I n e S S p ro Cess es NREL 7 pretreatment/deconstruction approaches and generate lists (ic:l'rc\jzaar:darh\/. ;::uri‘ai::::::::::
® An nua I P I ann i N P rocess to ene rate i nte rated 7 of MAs to be experimentally assessed for criticality Y e diameter or sur
T Lo Vw9 M4 A\ CAAC A 2.3 H £ l“\‘l 'S Fad 13 h i t d' t‘.
g g g ORNL 6 of pyrolysis oils from pine anatomical fractions with model |pyrolysis oil cher:icz'ln;:ar:/az:rilz(;;
AO PS Y $;e§ii(;ti;yn;3 e G \(/:ariances be:wee: m:deltpretiictio
. . . NREL 7 pretreatment/deconstruction approaches and generate lists yimza;: da’l-\lll A‘z:‘::: r:;ier::;ee:
\ f MAs to b i tall d f iticality
 Annual Meetings (virtual in 20, 21, 22) e e o R i
. . . . Y operation support further MSW process desig}
e C O n SO rtl u m -I eve I p re p a ratl O n fo r pe e r reVI eW y m e rl t NREL 2 Task 2 FY23 Q2 (NREL): Public heuristics for variability from |Develop a public heuristics commu
anatomical fractions. manage the range and sources of fi
. X . Integration of FY22 Material Needs
Task 4 FY23 Q2 (INL): Int t f FY22 Material Need )
review N e rcC et ettt |eDels b loenable kg o
CRADA Call pre-approved CRADA el I el oy
. . Complete analytical characteristics|
Y LeSSO n S I e a rn ed fro m 2 O 1 7 Ca I I & S I m I I a r Ca I I S fro m PNNL 6  |Task 6 FY23 Q2 (PNNL): FP oils Characterization common pyrolysis conditions (Main|
differences among the feedstock. P
Oth e r. CO n SO rti a _ AB F/C C P C/C h e m C atB io PNNL 8  |Task 8 FY23 Q2 (PNNL): Case Study Publication Z::::::e"; Lia:élsc?:;:r::‘::::: ::;'
Identify at least one material or sur
Task 1 F¥23 GNG (ORNL): Identify wear mitigation resistance compared with a commg
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Overall Consortium Management (2)

Material Needs and Data Handoffs
 We coordinate and track material needs and data handoffs

- Gathered during yearly project planning & revisited

monthly

» We are coordinating about 100 in FY21 & FY22 (In FY23

we have about 50)

Sample Tracking

« Using INL’s Bioenergy Feedstock Library (BFL) to track

samples

- All samples get a unique ID - GUID

- Parent/child relationships track samples across FCIC
Tasks at different laboratories

- Still needs regular monitoring — Task 4 leading this

<

FEEDSTOCK-CONVERSION
INTERFACE CONSORTILM

U.S DEPARTMENT OF ENERGY

Request Status Requestor Material or Data Provider (Notes)

1D Lab |Contact |Task Lab |Contact |Task|Due Date
6 samples @ 40 kg INL has degraded

FCIC20- Dave 7 each degraded bale Amber 3/31/2020 |bales from lowa,

066 Pending |NREL [Sievers samples INL |Hoover 2 stored inside
Feedstock Limit information
composition & incorporation to

83 variabili.ty (includes INL 82 |3/31/2020 param.e.ters that have
ash, moisture, quantified or known

FCIC20- Abhijit dimensions, aspect Dave impacts on

022 Pending |NREL |Dutta ratio, lignin etc.) Thompson downstream processes

% Corn Stover %

58486DA6-31F5-CF43-A988-7FB1B9C3C584

County/State: Story lowa Format: 2 mm Screen
Dave: 5/7/2018 Field - FO0144A

2nd Stage grinder; Bale Segment - 2; Low "Baseline™ Bale - 8 (PDU Bale -~
ash; Low moisture
Project: FCIC NREL - 20g

Biomass Feedstock National User Facility

https://bioenerqgylibrary.inl.gov/Home/Home.aspx
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Outreach Materials

FCIC Factsheet
https://www.energy.gov/eere/bioenergy/downloads/feedstock-conversion-
interface-consortium-fact-sheet

FCIC Website
http://enerqy.qov/fcic

FCIC 10-slide guide to Biofuels Digest
https://www.biofuelsdigest.com/bdigest/2022/02/27/de-risking-biorefinery-scale-
up-and-startup-the-digests-2022-multi-slide-quide-to-fcic/

Annual Reviews

« Overview of the FCIC accomplishments in fiscal years 2020 & 2021 completed

« FY 2022 Annual review in progress

Technoeconomic Case Studies
» High-level summaries of TEA case studies and more detailed technical reports

» Associated datasets available for download

Tools and Knowledge Slides
+ Consistent format for presenting FCIC achievements

<

< feic

FEEDSTOCK- CONVERSION
INTERFACE CONSORTIUM

EEEEEEEEEEEEEEEEE

FEEDSTOCK-CON})
INTERFACE CONS

FEEDSTOCK-CONVERSION
INTERFACE CONSORTIUM

Annual Review of Rq
FY 2021

1

Annual Review of Research

FY2020
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Merit Review in Summer 2022 was Clear — @fc":

FEEDSTOCK-CONY

FCIC needed to focus on some new areas

Enhancing Impact of Key Results to Industry
Partnerships with industry are strongly encouraged. 1-year and 3-year outcomes must be clearly described.

Public Heuristics of Systems/Resources that Address Biomass Variability

1-year and 3-year outcomes must be clearly described. An area of interest and desired outcome for the
consortium is to develop broad dissemination of system design heuristics. The development of storage, flow,
and feeder systems that are compatible with the variability inherent to lignocellulosic feedstocks would have
significant value. In this area, dissemination is strongly encouraged to include industrial partners and must
include public dissemination in methods beyond academic journals.

Preprocessing Technologies/Processes to Improve Quality Downstream

1-year and 3-year outcomes must be clearly described. Proposals should explain what downstream
verification will be used to validate these efforts. Proposals are encouraged to partner with existing AOPs or
projects to leverage those projects and experimental workflows.

Inclusion of MSW as a Feedstock Source
1-year and 3-year outcomes must be clearly described. Proposals must explain how they have considered

existing MSW supply chains and what downstream conversion processes are relevant. Proposals are
encouraged to partner with existing AOPs or projects to leverage those projects and experimental workflows.

<
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TERFACE CONSORTIUM

Enhancing the impact of FCIC results to industry... @fc":

EPARTMENT OF ENERGY

Continued engagement with FCIC Industry Advisory Board

Continue maintaining FCIC website (http://enerqgy.qov/fcic)
« Added links to lab-hosted GitHub repositories with modeling code.

* Major update later in FY23
Case Studies being published

Launching Data Hub later this year

Conferences

* AIChE Session (Nov 21 & 22)

- ABLC Next (Oct 22)

 Intl. Biomass Conference (Jan 22 & Feb 23)

<

FEEDSTOCK-CONVERSION INTERFACE CONSORTIUM

Techno-Economic Analysis Case Study: Corn Stover Storage Options
Considering Variable Degradation Within Bale Stacks

CHANGING THE PARADIGM OF CONVENTIONAL APPROACHES

Prior studies using average This ew corn s stover techno- Using this approach, researchers
estimates o f losses an d econom Iy sis model bet t can more accuralely estimate costs
compositional changes during repre: t s moisture migratiol of stor: g e lo: and protected
storage miss the operational thro gh bomas b le t cks storage, as we II S pre dl tth
impacts of biomass variability. that ¢ e zones of v |ng impact fb le-to-ba | iability

dgdtnwhhbh biorefinery oper. t

dff tly prepro: ng and

nv operatiol
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Providing public system design heuristics ... @fmc

e Task 2 is developing data-supported guidelines for industry stakeholders on
how to identify and address feedstock variability at multiple points in the value
chain

e Task 3 is providing the results of their advanced modeling work as design
charts for industry stakeholders

e Task 5 is continuing its comminution modeling work and will supply guidelines
based on this work to industry stakeholders

o Task 1 will provide actionable guidance on selecting materials of
construction for biomass handling equipment based on its modeling and
experimental work.

<
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Emphasizing the downstream verification of
preprocessing impacts...

e Developing and implementing rapid conversion screening tools
for both the high- and low-temperature conversion pathways.

o Low-Temperature Work Underway

e ~50g dry biomass samples

o Batch deacetylation, PFI Mill mechanical refining, enzymatic
hydrolysis with CTEC2/CTEC3 enzymes

o Correlate EH results with optical fiber analysis — skip the
time-consuming EH step

o High-temperature work — aligning/comparing existing
methods currently used (py-GC/MS, small-scale pyrolysis)

e \What scales can provide useful, actionable data?

<
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Incorporating MSW into the FCIC research portfolio... @fc":

REACE CONSORTILM

e Forthe FCIC, MSW is defined as the post-recycling organic waste stream
consisting primarily of non-recyclable plastic, paper, wood, and in some cases
food waste that is currently sent to landfills

e INL acquired some representative post-MRF bales from
Michigan (a bottle bill state) and is sorting these

e Created plastics-rich and paper-rich streams using
robotics system

o Comminuted using Forest Concepts rotary shear
o Distributed to FCIC Stakeholders

46



Incorporating MSW into the FCIC research portfolio... (2) @fc":

o MSW is defined as the post-recycling organic waste stream consisting primarily
of non-recyclable plastic, paper, wood, and in some cases food waste that is
currently sent to landfills — Landfill-bound MSW

e Task 2 are performing multiscale characterization on MSW materials.
e Task 5 is identifying CMAs for MSW preprocessing.

e Tasks 5, 6 & 7 are testing the conversion performance of select MSW
samples in both high- and low-temperature conversion pathways.

e Task 1 is defining the wear impacts of MSW characteristics in select MSW
processing systems.

e Task 3 will be examining MSW flow characteristics using a combined
modeling/experimental approach.

<
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3 — Impact @fc":

EPARTMENT OF ENERGY

- Feedstock variability remains a key challenge to the
scale-up and commercialization of bioconversion
technologies.

« FCIC researchers are addressing this key challenge with
research across the bioenergy value chain

* The success of the FCIC depends on the individual
successes of the individual Tasks.

* This Task is helps FCIC researchers succeed by

coordinating the efforts of over 100 researchers across 9
National Laboratories and 9 different FCIC Tasks.

* Industry Advisory Board (IAB) helps ensure industry
relevance

<
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U.S DEPARTMENT OF ENERGY
T

Objective
* Provide scientific direction and leadership to the nine participating labs.

* Provide project management to ensure robust operational planning and execution.

Technical Approach
- Emphasizing collaboration and regular communication among Consortium Members

* Implementing time-proven Project Management approaches

Impact
« The FCIC supports the BETO portfolio by focusing on feedstock variability across the bioenergy
value chain

- Effective project management is essential for the success of the consortium

Achievements
- Successful Tasks, each with different objectives but a common theme — feedstock variability.

« FCIC research successfully complementing existing BETO-funded projects
+ Leading FCIC Outreach Activities

<
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Additional Slides

FEEDSTOCK-CONVERSION
INTERFACE CONSORTIUM

U.S. DEPARTMENT OF ENERGY




Quad Chart Overview

Timeline
* QOctober 1, 2021
« September 30, 2024

- $606K  $1.95MM

- " "

TRL at Project Start: N/A
TRL at Project End: N/A

LE DCK EUNV R I(J\l

DEPARTMENT OF ENERGY

Project Goal

Provide scientific direction and leadership to the FCIC and to ensure
robust and timely operational planning and execution. The outcome of
this task is a successful consortium, including scientific relevance,
timely deliverables, and actively managed stakeholders.

End of Project Milestone

3-year capstone Report. Write a high-level progress report to capture
progress across the consortium. Provide report to DOE and publish as
a standing resource for the bioenergy community and to promote the
consortium success.

Funding Mechanism Project Partners
2021 Lab Call - FCIC Merit - NA

Review
<
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Reviewer Comments/Responses

« “The biggest gap is tasks demonstrating understanding of economic impact potential or delivery. TEAs are clearly
being performed for prioritized cases, but some tasks did not report benefit of that understanding.”

— The “Case Study” approach that Task 8 is taking has been very effective in articulating the economic impact potential of
the projects. These Case Studies have required data generation from several sources, making them necessarily come

after the experimental work. We are just now starting to publish these works publicly and should have our backlog of
Case Studies cleared by the end of the fiscal year.

- “The majority of research appears to be concentrated on corn stover and wood chips of a particular size...”

— The feedstocks we are currently investigating, corn stover and pine, have been chosen by BETO to allow us to develop
tools that can be generalized to other feedstocks. After the 2022 Merit Review, we have added landfill-bound MSW to our
portfolio of feedstocks.

* “There has been good work on identifying CMAs and CPPs. Adding control limits will increase the value of this
approach especially when studying the impact of feedstock variability...The process or model that causes BETO to
name a particular attribute as a CMA should be well understood and verifiable by others...”

— This activity is ongoing, and the reviewer makes a very good point — the ‘control limits’ or ‘permissible values’ of a specific
attribute depends on the overall process and the specific unit operation within that overall process. We believe the
technical publications we have generated have been able to make this clear, as will the Case Studies as they are
published this year. In addition, Task 9 is examining Failure Mode and Effect Analysis, which is a well-accepted
procedure for establishing criticality.

« “l would have like to have heard how risks are uncovered, tracked, and (where appropriate) provided with actionable
tasks.”

— The biggest risk the Project Management Task faces is miscommunication among the many members. Task X keeps
track of all milestones, and we lead extensive communications among all stakeholders. This continues to be a challenge.

<
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2,150 2023 bud;

FY22 FY23 FY24 FY22-24
Task #:Name S 11,010 | S 11,185 | S 11,035 | $ 33,230
Task 1: Materials of Construction S 575 S 575 S 575 °$S 1,725
Task 2: Feedstock Variability $ 1,230 $ 1,230 $ 1,230 '$ 3,690
Task 3: Materials Handling $ 1,710 $ 1,710 $ 1,710 '$ 5,130
Task 4: Data Integration and Data Management S 550 S 550 $ 550 $ 1,650
Task 5: Preprocessing $ 2075 $ 2,075 $ 2,075 $ 6,225
Task 6: High Temperature Conversion $ 1,750 $ 1,750 $ 1,750 '$ 5,250
Task 7: Low Temperature Conversion $ 1070 $ 1,070 $ 1,070 '$ 3,210
Task 8: Crosscutting Analysis TEA/LCA $ 1250 $ 1,250 $ 1,250 '$ 3,750
Task X: PI/PM ¢ 650 $ 85 $ 675'$
Task 9: FMEA Criticality Assessment Tools S 150 S 150 S 150 IIrS

450 FMEA wol
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